Objective: The aim of this study was to investigate the laccase production of Trametes versicolor under submerged fermentation condition. Then, dye decolorization by laccase was optimized using Box-Behnken methodology. Methods: The optimal culture conditions for producing high amount of laccase were determined using Taguchi methodology. The experiments were designed with five factors (glucose, yeast extract, CuSO 4 , inoculum size and pH) at three levels with orthogonal array layout of L27 (3 5 ). Then, the optimum conditions for high decolorization activity of Reactive Blue 49 by obtained crude laccase were also investigated using Box-Behnken methodology. Results: The optimum culture conditions for production of high amounts of laccase were detected as 2 g L -1 of glucose, 5 g L -1 of yeast extract, 2mM of CuSO 4 , 4% of inoculum amount and pH 5.5. Yeast extract was the most effective factor, followed by CuSO 4 , inoculum, glucose and pH. Under these conditions, predicted values were in a good agreement with the actual experimental one. The predicted results showed that the maximum of Reactive Blue 49 decolorization as 98% could be obtained under the optimum conditions of pH 2.95, initial dye concentration 55.6 mg L -1 , enzyme amount 0.76 mL and reaction time 46.91 min. The validity and practicability of this statistical optimization strategy was confirmed with the relation between predicted and experimental values.
Materials and Methods

Microorganism, culture conditions and dye
Trametes versicolor ATCC (200801) originally isolated and cultured by Dr. O Yesilada was used in this study. This fungus was subcultured on Malt Extract Agar (MA) plates of 30 °C and stored at 4 °C.
Laccase production of T. versicolor was tested under agitated culture conditions. To this end, firstly this fungus was cultured at 30 ˚C on slant MA for one week. Then, mycelial suspension was prepared and this suspension was inoculated into 250 mL Erlenmeyer flask containing 100 mL Potato Dextrose Broth (PDB). This culture was incubated at 30 °C and 150 rev min -1 for 4 days. After that, the culture was homogenized and determined culture of homogenized culture was transferred in 250 mL Erlenmeyer flasks with 100 mL Stock Basal Medium (SBM) that contain K 2 PO 4 , glucose:2-5-10 g L -1 , yeast extract: 0.5-2-5 g L-1, CuSO 4 . 5H 2 O: 0-2-4 mM [19] and incubated under agitated conditions at 30 °C and 150 rev min -1 for 7 days.
Reactive Blue 49 (RB49) which was kindly provided by Sarar Textile Co., Turkey, was used. The maximum absorbance peak wavelength of RB49 was determined prior to use.
Taguchi Methodology for laccase production
Design of experiment aims to find the relationship between the output and experimental factors in a process. The Taguchi approach is a special type of design of experiment which was developed by Genichi Taguchi to improve the implementation of total quality control in Japan [30] . It is one of the leading approaches to optimize design for performance, quality and cost. The main purpose of this method is to determine the optimal and robust process characteristic that is minimally sensitive to noise [31] . A noise factor is a thing that causes a measurable product or process characteristic to deviate from its target value [32] . Target values are defined as follows:
Introduction
Laccase (benzenediol: oxygen oxidoreductase; E.C. 1.10.3.2) is a copper containing enzyme that oxidizes various phenolic and aromatic amine compounds by reducing molecular oxygen to water [1] .
Laccases have broad substrate specificity and therefore, they could be used in various biotechnology applications such as pulp delignification [2] [3] [4] [5] , textile dye bleaching [6, 7] , detoxification of industrial effluents [2, 8] , desulphurization of coal [9] , xenobiotic detoxification [10] [11] [12] , biosensor preparation [13] , detergent manufacturing, transformation of antibiotics and steroids [6] and catalysts for the manufacture of anti-cancer drugs [14] .
Various organisms such as plants, insects, bacteria and fungi could produce this enzyme [15] . However, laccase activity has mainly been demonstrated in Basidiomycetes, Ascomycetes and Deuteromycetes [16] . White rot fungi belong to Basidiomycetes are known as a major producers of this enzyme. Trametes (Coriolus) versicolor is an effective laccase producer white rot fungus.
Laccase production ability of those fungi could be induced using different inducers and/or different cultivation conditions [17] [18] [19] [20] [21] [22] . Traditional procedures require an alteration of one factor at a time and this optimization procedure enables to assess the impact of those particular parameters on the process performance [23] . These techniques are inconvenient, which require more time and experimental data sets, and cannot give any information about the interactions among all of the variables. Taguchi method of orthogonal array (OA) experimental design (DOE) determines the effect of factors, optimal level of conditions [24] .
Textile wastewaters contain various dyes which are hardly decolorized by conventional treatment system. These dyes could negatively affect the ecosystem by decreasing the photosynthetic activity and oxygen concentration. Therefore, new and effective methods must be used to decolorize textile dyes [25] . There are many studies on textile dye decolorization activity of laccases from white rot fungi and the strain mentioned above [19, [26] [27] [28] . This decolorization activity could be induced by optimizing the conditions. The application of experimental design in treatment process of textile effluents was able to result in improved decolorization, reduced process time and overall costs. Besides, possible synergic interactions between the investigated factors may be evaluated [29] .
The aim of this study was to investigate the laccase production of T. versicolor under submerged fermentation condition. The optimal culture conditions for producing laccase were determined using Taguchi methodology. Then, dye decolorization by laccase was optimized using Box-Behnken methodology.
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teractions, as higher order interactions are assumed to be nonexistent [33] .
In this study, optimization of culture conditions by Taguchi methodology was investigated for high amount of laccase production. The experiments were designed with five factors (glucose, yeast extract and inoculum amounts, CuSO 4 concentration, and also pH) at three levels with orthogonal array layout of L27 (3 5 ). All statistical experimental results were analyzed by using Minitab 16 for Windows (Minitab Inc.). All the samples were studied in 250 mL flask with 100 mL growth medium. The agitation rate and temperature were 150 rev min -1 and at 30 °C, respectively. The samples were incubated for 7 days and then, laccase activity was determined. All experiments for laccase production were performed in duplicate.
Laccase activity was measured spectrophotometrically at 465 nm by monitoring the oxidation of guaicol at 37 °C for 15 min. The assay mixture contained 0.1 mL of culture supernatant and 4.9 mL sodium acetate buffer (50 mM, pH 4.5) containing 1 mM guaiacol as substrate. 1 U of enzyme activity was defined as the amount of enzyme that elicited an increase in A465 of 1 absorbance unit per minute [18] .
Box-Behnken Methodology for Dye Decolorization
Structural formula of Reactive Blue 49 was given in Fig ogy, one of the most principal of Response Surface Methodology (RSM). The RSM consist of a group of empirical techniques devoted to the evaluation of the relationship existing between the independent variables and measured responses [34] .
In this study, decolorization studies were conducted using the dye solution in 10 mL of tubes at 30°C under static conditions. For minimizing the number of experiments required, Box-Behnken design matrix (BBM) has been used. Design-Expert statistical software package was used to analyze the data. By using four factors at three levels BBM with 29 runs, the effects of independent variables (pH, temperature, incubation period and inoculum amount) coded as x 1 , x 2 , x 3 , x 4 were selected for optimization. Design-Expert statistical software package has been used to analyze the data. pHs of the tubes were adjusted to the values 2.5, 4.5 and 6.5 suggested by the used experimental design. For pH 2.5 and 4.5, sodium acetate buffer adjusted pH with acetic acid; for pH 6.5 Na 2 HPO 4 -NaH 2 PO 4 buffer were used. Decolorization tubes included various enzyme amounts (0.05-0.525-1 mL), and 9 mL of several initial dye concentrations (25-62.5-100 mg L -1 ) for different incubation times (5-62.5-120 min). All experiments were performed in triplicate. Dye decolorization was monitored using the maximum wavelength of this dye (587 nm). The reaction mixture containing dye solution with heat denaturated enzyme was used as control. The absorbances of the solutions were measured using a UV/VIS spectrophotometer (Schimadzu-UV2550) and they were compared with a standard curve plotted using different concentrations of the dye value.
Results and Discussion
Taguchi Methodology for laccase production
Several studies have been carried out to determine the most effective laccase producer; to choose the most suitable culture medium; to develop suitable, reproducible, and cheap isolation procedures and to optimize enzyme production [15, 22, 35] .
The interaction effects of the parameters were not taken into account. The validity of this assumption was checked by confirmation experiments conducted at the optimum conditions.
As shown in Table 1 , the effects of five factors on laccase production named as glucose amount, yeast extract amount, CuSO 4 concentration, inoculum amount and pH were studied. The appropriate experimental design was determined and the analysis of data was performed by the Minitab 16 for Windows (Minitab Inc.). The experiments were designed with five factors at three levels with orthogonal array layout of L27 (3 5 ). Table 1 shows the results of laccase production determined with the Taguchi experimental design. method to determine the significant parameters on the response. The ANOVA results for means and S/N Ratio were shown in Table 2 . The ratio between the variance of process parameters and F-test determine whether the parameter has a significant effect on the performance characteristics. The F-test value of the parameter is compared with the standard F If F-test value is greater than 0.05, the process parameter is considered as significant [36] . In this study, it could be concluded that all parameters except pH have a significant effect on laccase activity.
The optimum level of process parameter depends on the level with highest S/N value. The response table of S/N ratios and means were displayed in Table 3 . According to these findings, laccase activity is maximum at the first level of glucose, third level of yeast extract, second level of CuSO 4 , second level of inoculum amount, third level of pH. The amount of yeast extract was found to be the most effective factor for laccase production, and pH was the least significant one. Maria and coworkers found that fungal laccase production was induced up to four times through the addition of yeast extract [37] .
One of the important parameters for fungal cultivation is pH of the medium. The optimum pH value for high laccase production was detected as 5.5. This value was reported as 5.0-5.5 for Pleurotus ostreatus 180 cultivated under submerged culture conditions with the best glucose concentration as 2.0 g L -1 [23, 38] . Periasamy and Palvannan found that glucose had a higher effect at Level 3 (2.0 g L -1 ) for laccase production [39] . In our study, copper positively affected the laccase production of T. versicolor. Although high amounts of copper may have toxic effect, it is also an important metal for laccase production by white rot fungi [21] . This metal may play an important role in laccase genes regulation at transcription level as showed in T. versicolor [40] .
Optimization in the Taguchi experiment involves finding the factor level combination that gives the optimal response. In this study, the larger is the indication of better performance. Therefore, "the larger the better" performance characteristics were selected to obtain the suitable levels. The optimum conditions for each factor in terms of achieving higher laccase activity were summarized as shown in Table 4 .
The confirmation experiment is conducted to verify the conclusions based on Taguchi's parameter design approach. The confirmation experiment is performed by conducting a test with a specific combination of the optimum levels. Based on Table 4 , the level of a parameter with highest value of S/N ratio is the best combination level. In this study, three additional experiments were carried out at the optimum levels. The confirmation experiment levels for the laccase activity were shown in Table  5 . The results of the three confirmation experiments were close to the experimental findings. These data, confirmation test in triplicate and % error were presented in Table  5 . The responses for optimal point fell into the prediction interval (20.98; 34.61 confirmed the validity of the applied technique to find the optimal point for laccase production.
Box-Behnken Methodology for dye decolorization
By using Box-Behnken design, 29 experiments contained the effects of independent variables: initial dye concentration (x 1 ), enzyme amount (x 2 ), pH (x 3 ), and reaction time (x 4 ) were systematically investigated. The levels of factors used in this study for the responses of decolorization of RB49 were shown in Table 6 . The first degree effects of factors, except initial dye concentration, and the second degree effects of all factors were significant. However, x 1 factor was not omitted from the model. By eliminating the insignificant model terms, the reduced second-order polynomial function for dye decolorization (Y) in terms of coded independent variables was presented in Eq. (2) Table 7 , a high F-value (43.39) and a very low probability (p<0.0001) indicates that the model adequately predicts the experimental results. The ANOVA results confirmed a satisfactory adjustment of the reduced quadratic model to the experimental data.
The three dimensional surface plots are for the graphical representation of regression equations. Figure 2 One of the important parameters for dye decolorization is pH of the decolorization reaction. The optimum pH value for dye decolorization was detected as 2.95. Nyanhongo et al. [41] found that pH 4.5 for Acid Blue 225 and Reactive Black 5 and pH 3.0-4.0 for Acid Violet 17; pH 3.0-4.5 for Basic Red 9 for decolorization [41] . Enzyme concentration was an important parameter for optimal decolorization. In our study, the optimum enzyme amount was obtained as 0.76 mL. Li et al. found that enzyme amount as 0.8 mL for enzymatic decolorization of Congo red by manganese peroxidase [42] . The optimal initial dye concentration for dye decolorization was determined as 55.6 mg L -1 . Lu and coworkers reported that initial dye concentration for decolorization was obtained as 100 mg L -1 [43] . In this study, the maximum decolorization percentage was observed 46.91 min.
Under the optimal conditions, 97.53% of decolorization was experimentally achieved for RB49, which is in good agreement with the decolorization predicted by the model.
Conclusion
According to the statistical analysis, Taguchi's technique revealed that yeast extract is the most significant factor and pH has the lowest impact on the laccase production. The optimum conditions for laccase production were obtained on the first level of glucose (2.0 g L ), the second level of CuSO 4 (2.0 mM), the second level of inoculum amount (4.0%) and third level of pH (5.5). The results suggested that Taguchi method can be used in the optimization of laccase production process.
The predicted results showed that the maximum removal efficiency (98.03%) of Reactive Blue 49 could be obtained under the optimum conditions of pH 2.95, initial dye concentration 55.6 mg L -1 , enzyme amount 0.76 mL, reaction time 46.91 min. Experimentally achieved decolorization of 97.53 %, was within the confidence interval (89.83; 106.24) which was within the predicted optimum of maximum removal efficiency. According to the verification experiments conducted in optimal levels, actual and predicted responses were in a good agreement.
